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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thermal air m 1 



flow rate sensor which can be manufactured at a low 
cost, and can be used for a long time in a high 
temperature heating with high reliability, and is suitable 
for measuring the intake air quantity of an internal 
combustion engine, and to provide an apparatus for 
controlling an internal combustion engine using this 
thermal air flow rate sensor. 

SOLUTION: A temperature sensing resistor (heating 
resistor 4, resistance thermometer sensors 5a-5d) is 
formed on a cavity 8 via an electric insulating film 7a. 
The heating resistor and resistance thermometer 
sensors are composed of polycrystal silicon(Si) 
semiconductor thin film treated by impurity doping. Into 
this semiconductor thin film, phosphorus(P) or boron(B) 
has been doped by high concentration doping, and 
oxygen or nitrogen has been implanted by ion- 
implantation. 
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[mfM*ottn] 

«±^««6«w*:^ \.x^ffimm7£m<D&%mi7ite 10 
#*g**->r* (s i) *mttmm<nmwi& < P > ^sx 

1 0 * Q cmi^TC^^ J: K-^iW^ 

[M*«4] »E*»i*->f* (S i) ¥*frj*Bt(C 
K— XS lxio 13 -lxio 16 /cm 2 oo|5fflT* 

^£AKJ:<9. «HE*tt*^* (Si) *t*ftflMta 
[MM 6] M*«l ^^MMS^^-ftt^iaaiB 

[0001] 

[0 0 0 2] 

iiftfftjay-cts^^s^s^fc^, z.<Dftv>. gib*/* 
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[0003] m*ma*mm& 
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O^ffiftflta-fe^^i: LT«.«^.tf#ffP^«SB2 8 
8 0 6 5 l*jr&mzf&»£inX^&£5\Z % 

vir y-¥i/y*M't^b\z.&'ox, mm<omnfrtm 
[0 0 0 4] **3, &^&m&ft&ft<D*mft&ffi t 

UT, 0»;ttf* #HDB5 5-8 2 4 5 8^«{3:|B«$ 

p if o wwttt^rr 5 7H« s a^p lt-i 

LT*tB^SS«fca#fc:Tlf K 

[0 0 0 5] 
[0 0 0 6] 

[00 0 7] -t-*tot>. 
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*iBiSi**>r*aw« (/fy^y^y) wxftittyy 

[0 0 0 8] ±IB«W*fc*5^-C\ *IW6fiW*«:*/*-*-S 
/Ky^yn^(- X y> (P) Xfi^nv (B) 

«i:y> (P) **ny (B) isj£»9fffli, *<d 

zw%&ik&m#>t>titi 0 c<D£?%:!)> (p) j^tKu 
v (b) ^a»sr»M-r6^tt. BMM*a**:>r*-^tt 

[0 0 0 9] jfe*3. **ffi*«««-K#KO^Iff^*3^T 
tt (y^, #n>*B *Si««tt««^lfitki-'50S:Kjh 

■rsfcaexoto-efctK «ffi£jgst*#y >^y a^-c* 

[0010] Sfc, #y y n ^S|)K<D1£J7» ( P ) # 
8xio- 4 Qcm^TM6J:^^ iSSS K— :/*5«fc 

IBsKy^y 1 0 5 0mMS, 30» 

«±^S«ppflo^«tt}Rl£«XStz:J:?). y^(P) 
Xltfuy (B) MMK-^ILf:^ K-X& 
ixi0 l3 -ixi0 16 /cm 2 cojfiiH-eiftSRXfia* 40 

©i^i"ix^fc>f ty^AU ^^i6 0 0-iooot 

[0011] -ftyftAi:BU ^tyaAli# 
»5Rx«2*osp^»»»a*#* u mris^ y > y n 
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X^J:*)3g*l»8j6s»j«*nTV>4*Llie*^>f * (S 

1 ) o«-e x ^(0® mxn±m<om) \zm%u& 
60 «««&3»i«7 -mttr^m (S i O 

2) fcMb*vf* (S i 3N4) ^^llgtf^t 

[0 0 17] ^-r^^^AgP3fi. ffiiMB80>— ffi£<* 
*«5»5t-e*>0, fflJH«8±«2lf4, t««H7Bt: 

*i-o>5 0 »jiaset*5 a, 5bii saciBfriftfcijsi* 

4 ^±«««Cfl:« U MH&ttft 5 c , 5 

[0018] ±at«i»jta«ttft:, T«icflj»jia 

tSfciftW. 5 a , 5b^5c, 5di:WJ;5l: 
-t^-ftt 2 ^^ElKfltfiKtt. B5fc**-J:5i;i 

±«E«HB9«a«Stfls:5 a t T«EfllJB'Jffl«St«: 5 c fcj&SBWJ 
fcSSR<S*u TMMEK#5 dfeiMMIIISltflc 
5 b ^^iff^JtcggttStt, a*orftfco»»«ttflEfcJ: 
OSNftWT-l 2 bftl^l 2 f ^tt^y y^leMg&flt 
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K-Xf 1 x 1 0 13 - 1 x 1 0 16 / c m 2 (Ogl t 
[0 0 2 2] %mmKV£4^ ^R]9X'/Tlfc^ffi 

tL^fpj l x BStt^i- 6 *rs] in— ao* tugag * *5 

a, 5b Rt5T««^ffi«-rSJBIia«tt* 5c, 5 d 
a, ^^m^^f 1 7 7 A*15 3 (D-^^ 6I«Rf^ 4 
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[0 0 2 3] *«Ct6tHH7 aOtlT*^t77A^3 
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h) &j&j&£tix^z 0 m^wsmi 2*1, m&2(D- 

[0 0 2 4] W»12lt T/l^~?^ (A 
1) , & (Au) *^*>SMB/*jy K^/3c£*tT^5 0 

J;|9^^-^V^$tbX^-5o *«C£1UK7a0>XSK: 
IS, #«ttfr*^*«»^5fc«)^««*63By»7 b*s % 30 
H2^-r«t5«-K*tfettTv>So «*CJ(6»I«7 b fc*' 

[0 0 2 5] *mfi«T*li, ffiiPI»8tt»»tt^j/^V 

a. 7 b(cj:9SoT^-5o rt«R»H^K«»f irtt. 

[0026] mz*mmmm\z£z&fzm*Vr&mmz. ™ 
[0027] $tmm.W4 umnmm&zti. 

[0028] &f*<Dmmt&*<Dmizij&t** 
WL#4<D±mm[cm*htix^&mm&tfL»5a, 5 b 
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M<OM ASKff 5a, 5 b t TffiW<D®\m&Vifc 5 c , 

x\ mcum&7jkir-£\ztev, mmmt.±c^\ m 
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(iS?fflt<b^5) ^£fi»Ji&«trtft:5 c, 5 

d waft^jftsauattttft: 5a, 5bj:5is<*t>,»i 
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[0031] fi§o-c. £<or£a^ 

[0 0 3 2] H3fi, Hieo-feViMR^l*, Wxifg 
»j*^rt«S«iacoK^3lK 1 0 {CHS U rtjftttHMff 

S*^-5o ^SPEK 1 5 lis i5(^ta«16, 
h7y^2 0, gft2 1a ( 2 1b/^'T*M^f 

*u 4*ft\^x*y'vm*i<nm*Wrmi 2 

(01) fc««»{rSa«Stt«»r. i:fcft6 0 

[0 0 3 3] &*5 % *Hl£W^*3«t5ffiHW[s]i« 1 6 te. 

^#®AS^CS (Q) ^rSttl-r^o S^^wCOKA^ 

[0 0 3 4] rt«iBO!»Ag««ltt, S^fi«cT- 
f^s KiSit*Q=6 0 0kg/fe fi»:tv = 5 o 

^ iBft Wilted J: SS5»*«*-C^jet^ttH (^-f^^ 

[0 0 3 5] H4*i. -t^iMB^-i tiftfti 4^i£^C 
LT^LfciHT*, 0^co J: 0 in, ir^^lfi, ttft 

*>5^9lelBl 5^ x ra^<3£«F*l 4±tc«iWtP>tt 
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[0 0 3 6] irvU-iit^l i^SMslBl 51*. «S^«ffi 

an 2 t«ST-«««5i 7^m*4iBi s^-eiM-^ 

^12, 1 7 &*|»«|S[§Mgl 5 fcfc, ±«**b 

[0037] eb sdj:^ *mmmm<D\E\&mi& 

[0 0 3 8] ms tnm&n. * ^f-lR-T- 1 tf^Jggift: 
4, 5a, 5b, 5c, 5d, 6 £ N -fctbfc £Sg» Lffil 
W-t"6HlKSr^U^:t^"e*>So CO^N^i^T. 1 9 
temM, 2 0 (i*Df»«Slt«J1»fflO h7>"^^ x 2 1 
a , 2 1 b 1 6 fcfcS!H»@te x 2 2 ^ y IfilK 

mas. ^ntw«»^a*^s:ff*5cpu-e»j*sixT 

[0 0 3 9] 5l^aSfctfls:4 £ gftSffflyHSffift; 6 tt, 
Sfit2ia f 2 1 b tm^V 2/^0K*:*fiJcU 
ST- 12a, 12c <0«J£flSfilJ#p|H]a 1 6 A^J Six. 

*jRffifeift:4^ias (Th) dsffi^aafcwjft-rsffl* 

iU»JM&Kfr6 0>iBA (Ta) «£ 9 % (A 
Th=Th-Ta = 150t) fcittBK *S «fc 5 K^-lg 
fet21a, 2 1 b^fi^^tl, 

[oo4o] -r^t>ib, &mj&ifi»4<DWLm&mfem£ 

ifiJ:*)iS<45ih7^^20^7U -frK: 
J: 9l«nm#4«>IUe^R£«[«:ftoJ: 3 KM* S ft 

[0041] ±mmmm&Wi# 5 a , 5b^ T««i?i 

tgfi^Sc, 5d^Mi (ISlnffiSI) tt. Ztl,b<Dm, 

VimzLxvm&tstut?!) y^m»o>m^i 2 g , 12 
[0042] oco^^^y iy^mss 

«>ffi«[*»s^ * coBfoaB^- 1 2 g , 1 2 e (^i&il: 

[0043] ffi*«*ow-jH«t. ^*^«caa (q) t 

7V vVm&<0$k=*\2. %i 1 2 e^)«ttSltoBI«* 

2 2(:-?j/^ LXI2tttLX*5#. «8^1 2 g, 
1 2e^ifegM*/M^f), £«CS£S (Q) <0» 

[004 4] *mMBMX*^ m^<D^ V y ^[HlKWfiK 

mmmmk («) ds«u<*sj:5^ c^str^ 
ztiicxy^ mmwi»4<DmM (Th) *wtm 

(Mz-ti ATh = l 5 0t) t5toM#ISfci2 1 
a, 2 1 b<0«tt«^S*>fi*lt«4BI««C*-5OT% ^tt 



[ 0 0 4 5 ] *MX*IL 4fioa0ifi»l5tft:5 a , 5 b, 

5c, 5 d*fflt\ iaffss»aofc«)^yy -/s^eb 

St, ±SfcfflJSJi&«ta#5 a £ TSEffiiaOtaSStft: 5 c b<D 
roJ^lc-f^r klz£ 9. 2 g , 12 

[oo4 6] **,\ ^ssa (q) <D«mj^isu ±* 

Ma9&fi^L# 5a, 5 b £ TSKWJffl'JM«feift:5 c , 5 d 

(omtm^m-r^to^m^x. zmt&tfiftiizmTto 

[0 0 4 7] »^.*SjJt«^«*fR«;ffl*«E»fe>'+ 
[0 0 4 8] me (a) IZX.i/V *ls¥mftm&2<D 

±rm\^ mmt^m^xvr.mt^m (s 102) 

20 17a, 2 3t»0. 5 ^ ^P^Mf^o w C 

7 a £ ur«.Wi5(oz:^b^>f *«^o«fifcH--ct pt 

mCr^m (S i 3N4) 4fflV>Tt>«fc<.«tM*-» 

30 [0 0 4 9] ^>Tir ^ 7 a*»j*u±Eo««cjI6 

««7 a ^±«ic«fife-rs««j(feiwK7 btctra«^j« 

««2:U #*l»^>r» (S i) iNW*J»Bl2 4<o±T 
XfalzMVXttmj:mMf£b-tZ>Zb^£V. Wlzf&fc 

xmsi&jjiz x 6 m&&m$ix % m % 

[0 0 5 0] mz (b) i;tJMl7aillffl 
&Wi#;4 bmm&tfi&S a -5 d, 6^JWt^6M 
(S i) ^S*il2 4^ j»l ^ ^n^O^ 

40 (Si) *»ft»||tt^7XvS:ffl^fcL PCVDfc 
^^lilW^n hpy^ffiV^cECR-PCV 
D^>f^p»S:ffl^fccvD«(0*Sl:t*St5o 
NHRajgjftilff 6 0 0WTa'M6:^a^ 

(si) *mftmm&nz>zbfrx%z> 0 
[0051] wutwrn (s i) *mwnwk2 

^nt yv^/7^ (poci 3) &ft£h f gfr'<m 

(Si) ^IlU^ffiCMLlOSOU 3 0 

»a±o«»«.as:fft\ set* (p) ^sxio- 4 q c 
50 mfijiTtft^y^ (p) &mmmb'--7tQ<mztLtzg>i& 
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iMsLfc*^* (S i) ^iflcil2 4«^S, 
[0 0 5 2] (Si) ¥#ft:»|gt2 4 

"CfR&SfeU^S^tcltKUT, yy (P) <7>J:9-/I<7> 

iltyy (P) tfnv (B) ^^FM^l^ 

ffl^TiSS^ K-^S^fToTt>^f^CT^^ 0 10 

[0 0 5 3] ( c ) (It, K-Xf 1X10 13 ~ 1 

x i o 16 / c m 2 <Dmmx\ n^r 2 5 \Z^-f X 5 K&lft 
tyftAtSo ^v&a^^. ^y^^yfi 

2 4±[I§IlitXZ^^i (S i0 2) g£#*J 
0. l/im«t6o rO^fi^^-^A^tC^s/^V 

[0054] >r ^->^Aii, /K y y = ^mm 2 4 our 20 

A{^MtS*»lRX«a*<05pi?&S)»fRS (Rp) £j£ 
J&*9 (a) *#ILt>ftyaAx^;^- (E) *K 
Si-So ^^^ty^AWi^Clj:, ^tVttAx^ 
/W^— (E) ^40, 70, 1 2 0, 200. 300. 
4 0 0 K e V(^tt¥ Wfl^^ D fl (Rp± 
a ) te. 0. 09±0. 03, 0. 16±0. 05. 
0. 2 8 ± 0 . 0 7, 0. 4 6 ± 0 . 0 9, 0. 6 8± 
0. 11. 0. 88±0. 1 3 nmkt£Z><DX&* 6 0 30 

[0055] tfy^y^ >mm 2 4 <Dmm& l j* m£JW 
*^&Akmm\^%)&9£mm (r p ) tit* 9 (a) 

LT-f ty^A^y^- (E) *3«tu?m«:4:B9: 
m-tZZk&X'ZZo 

loose] xxfmm<D-( ^va-A*** k-xi 
atixio i3 -ixio i6 /cm 2 ^(fiHTSiw-r 
60 ^ty^A^ig^HTtfcficft 40 
^Atcto-c^^— -;*s:Si*fc#y is» =*^nm2 4& 
mtlS^a^eo o~ioo ot;o|R&3g*fa30#ra 

[0 0 5 7] ftd (d) i:t^»<o*hyy^7 7-f 

iiin&fitt«6 Sr«J«-rS, ^0^.0 

^tt^^t/^^f^i 2 (I2a-12h) ,4tS 

tt**«mi« 1 2 «:s*t-rsfc«)«)iffiK«««Bi 1 so 
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(lla-111) dKr/W5 = 9A.A*-t*«fifcStL 

So 

[0 0 5 8] ( e ) T-te.*^-mi& 1 2 J£JWtf>8|5#S:« 
-f*«cSr-e^^»2 3 k L,x^mw) *A (KO 

H ) ^<o^y^i/?m*m^xm^^v^isjf'rz>z. 

T-tt, 38fSMSfii# 4 Xt/»Jiaefex* 5a-5d, 6 £ y 

> (P) Xli/fny (b) *ri«»« K—^»« U3Elc» 
*Xtta*©^^i**t^*r-<^-^i9£AUT. i&ffim (p) 
^8x 1 0- 4 Qcm«Tfc*5J:5fcRJ6-r*, -tut- 
J:^MSS*4MiJMSfei:ft5 a-5 d, 660ffi 

fetMS^* (a) *it«w*:#<«or^^ai*.a'j«a 
[0059] 07f*.#y v-y ^^s^offifet^ ( P ) 

(a) ir«St* (p) tf>BB#«r, H9tt, 
(p) ir'T^ttA* (K-Xi) ©H«t^Lfct^) 
-e*>5« NKSi) ^##J»«-«W{r*-*^^ 

*M4 (1) 5££^-r o 
(gfcl) 

R = R0 (1+a (T-T0) ) — (l) 

r^^Rnig (t) c^ita^M^ffimRo 
tsias (to) \z&rt%*m#m<D&m&,*temmffi. 
m&MxhZo 

[0 0 6 0] WtC»JtaffitS;ft:5 a~5 d, 6 t ttlt 

(a) co^#^d^^tB^S^f^±-rs 
(p) sftS/hSi^i:^ ^fM^^S (#U;ttf 2 0 Ot;) 

[00 6 1] ^{-, «jRSgfcft:4 i: Lttt, &inffi£T 
tf Sfc^tcn^y ^>y =i>oOB[Srfl[<i-5*M£^% 

> y =1 ^offiff ti#5i vdSRR||tT-4> 9 . C <Dm$ 

xi o^/ub^T<ommmmxm»m^mm^Wi»4 
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^«ft«fi^2X10 zo (cm 3 ) £X±X*&tiim (p) 
8 x 1 0- 4 Q c m£XT<nm%l7!)m$l£tlZ>o 
[0 0 6 2] iSCIlffiMMt (a) tmK^ 
(p) <F>m&2 8^7f:Ufc^ x (p) ^8X10 

So 

[0 0 6 3] ftot, mS^Lfz^&mm (p) ^8X 
10" 4 QcmaT<?)W2 8TU ffi^Sfei^ (p) IZ. 
X*£\,^ffi&m&M (a) (1 00 0 (XI 0-6/ 

5d, 6. Rtf«*«StfM&t>. Sta^ (p) ^8x 
1 0- 4 Q cmJ£XT^IS«c2 8^rii^i-6w<t^J:!9. m 

[oo64] *mMm<n&m&Wi&4 <Dmm$k ur 
n.mMmi£&£Tf&mm<Dm&fab 50-900Q, 

mffitetfifcS a -5 d, 6<D&#Lffi£ LTfil-l 0 k 

[0 0 6 5] £fc, 09 j&ffisp ( P ) ^>f^A 20 
ft (K-Xfi) <£>BS«3 0*^Lfc o »**5J:tfa*^ 
ty^At ( K-Xf) |j:ixi0 13 -lxioV 
cm 2 £jft,6 0 K"Xf^lX10 16 /c 

X-rzztizxvtfy ~>y 3^utrt^-iMb*->r* (s 

i02) *3«tt^a[^>r* (S i 3N4) Oftfl^lKdS 
#*S*tf6«* (p) *s*#<ft-6, K-X*3&s 
lxi0 13 /cm 2 J^Tm ^ft^Ai (K— X 

s) &&tmwxmmsttft4<n&mz&rt&&Mmm 

[0 0 6 6] (P) *5<J;tf7tfoV (B) a* k—^&l 
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